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It is demonstrated how quantum mechanics is generated by stochastic momen-
tum kicks from the force carriers, transmitting the fundamental interactions between the 
point particles. The picture is consistent with quantum field theory and points out that 
the force carriers are the only quantum particles. Since the latter are waves in the coor-
dinate space, they are responsible for the wavy character of quantum mechanics. 
 
The Schrödinger equation1 is fundamental for physics and chemistry. It Is proposed to reflect 
the controversial de Broglie idea that quantum particles can behave as waves as well, resembling the 
Einstein photons. The wave-particle duality is unable, however, to answer many relevant physical ques-
tions. For example, if an electron is a wave distributed in space, its negative charge must be divided 
somehow into many small pieces but such particles with infinitesimal fractional charges are never ob-
served. Moreover, if the electron localizes back as a point particle, the related work against the elec-
trostatic repulsion between the fractional charges would tend to infinity. Keeping the Schrödinger 
equation as experimentally proven, we are going to explore another interpretation of quantum me-
chanics, where the particles remain points at any time as in classical mechanics. It will be demonstrated 
that quantum mechanics is merely due to the force carriers transmitting the fundamental interactions. 
While in a previous paper2 we modeled them as point particles, now the force carriers are waves/qua-
siparticles in the coordinate/momentum spaces, respectively. This is the reason for the wavy character 
of quantum mechanics, not the point particles themselves. 
 
A Hydrogen Atom 
For the sake of simplicity let us consider first a hydrogen atom, constructed from an electron 
with mass 1m  and a proton with mass 2m , but the conclusions will be generalized later. The relevant 
Schrödinger equation describes the evolution in time of the wave function 1 2( , , )r r t  at any positions 
1r  and 2r  of the electron and proton, respectively, 
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For the further analysis it is crucial to present the Coulomb interaction potential in the Fourier form as 
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Because there is no wave function in classical mechanics, it is appropriate to employ the Wigner func-
tion3 1 1 2 2( , , , , )W p r p r t , being the quasi-probability density in the particles phase space. Via the Wigner-
Weyl quantization4 one can calculate all statistical properties in quantum mechanics. The Wigner func-
tion is a useful tool and its marginal probability densities coincide with the exact solutions of the Schrö-
dinger equation both in coordinate and momentum representations. The evolution of the Wigner func-
tion follows directly from the Schrödinger equation (1) and obeys the Wigner-Liouville equation5,6 
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where the arrows show the direction of the operator action. For the sake of the further analysis, it is 
important to replace here the interaction potential via its Fourier form (2) to obtain 
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The hyperbolic sine function is a difference of two exponential terms, which represent transla-
tion operators of momenta in Eq. (4). Hence, one can rewrite it in a decisive form 
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Suddenly, the physics behind the Schrödinger equation becomes transparent. The large expression in 
the brackets describes transfer of momentum k  from the proton to the electron by a single photon. 
The other term in the collision integral (5) is the acting force per unit transmitted momentum, i.e. it is 
the characteristic frequency of photon exchange. The ratio between the collision and photon frequen-
cies 2 /   is proportional to the fine structure constant. The integration over positive and negative 
wave vectors k  accounts for momenta transfers in both directions. The photon momentum k  is the 
only quantum quantity in Eq. (5). The point charges themselves are not quantum and do not propagate 
as waves; they simply swim in the quantum sea of the photons. This realistic picture correlates well to 
quantum field theory, stating that the fundamental forces are transmitted by force carriers.7 One can 
easily recognize a virtual photon Feynman propagator in the term 21/ k−  of Eq. (2). The latter seems 
not quantum, since the photon mass is zero, and it is stationary, because the retardation is neglected. 
Obviously, a photon is wave in the coordinate space but it behaves as a quasiparticle in the momentum 
space, as discovered by Einstein. Therefore, the force carriers are the reason for the wavy character of 
quantum mechanics. Because the Feynman propagator governs the force carriers of all fundamental 
interactions, Eq. (2) can be easily modified to describe gravity and strong forces as well. This is the 
reason why all fundamental interaction potentials vanish inversely proportional to the distance be-
tween the point particles.7 In general, the force carriers transmit either energy or momentum, which 
create the interaction potential and generate the quantum motion. The force carriers are the de Brog-
lie pilot waves and the Bohm hidden variables. 
If the momenta of the point particles are much larger than the force carriers’ quanta, one can 
expand in a k -series the expression in the brackets in Eq. (5). Keeping the leading terms only yields 
the classical Liouville equation 
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Therefore, the importance of quantum effects depends on the momenta of the point particles, not on 
their masses only. Of course, heavy particles possess large momenta even at slow velocity and that is 
why they obey often classical mechanics. It is evident that a free electron should obey Eq. (6) without 
an external potential, since there are no force carriers without interaction. Hence, the free electron 
trajectory 0 0 /x x p t m= +  increases linearly in time. However, to fix the electron at the initial position, 
one must apply a strong initial attractive potential at 0x . According to Eq. (5) this initial potential will 
generate momenta kicks / 2k  randomizing the electron momentum. Once the initial potential is 
switched off at 0t = , the electron will propagate freely with an initial momentum acquired by the 
photon kicks. Since 0 0p =  and the initial variables 0 0 0x p =  are uncorrelated, the evolution of 
the free electron position dispersion 2 2 2 2 2(0) (0) /x x p t m =  +  will grow quadratic in time. Due to the 
Fourier transform, the initial momentum fluctuation (0) (0) / 2 / 2 (0)p k x =  =   is related to the 
width (0)x  of the initial potential. Thus, the Wigner function for a free electron is a Gaussian proba-
bility density, which is spreading via the well-known law 2 2 2 2(0) ( / 2 ) / (0)x x xt m = +  , and the Hei-
senberg inequality holds at any time due to of the Fourier transformation properties. 
 
A System of Many Point Particles 
Because the fundamental interactions are pairwise additive, the total potential energy is a sum 
ijU u=  of pair potentials like (2). Thus, the many-particles problem reduces straightforward to the 
same physical picture, emerging from discrete force carriers. Let us consider now a general system of 
N particles with 3N-dimensional vectors of positions r  and momenta p , respectively. The Schrödinger 
equations in the coordinate and momentum representations read 
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where M  is the 3Nx3N diagonal mass matrix. The Fourier image of the interaction potential defines 
the total propagator of the force carriers 
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and represents the interaction energy density distributed over the force carriers’ momenta as well. As 
was shown, quantum mechanics is a result of collisions in the momentum space. Hence, the relevant 
momentum Schrödinger equation (7), accomplished by Eq. (8), acquires naturally an integral form 
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which seems more appropriate for complex calculations than the differential one. Moreover, if the 
point particles are relativistic, one can easily replace the kinetic energy 1 / 2p M p−   via the corre-
sponding expression from the special relativity to derive a relativistic Schrödinger equation. 
The Wigner function is a partially inverted Fourier image of the momentum density matrix3 
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Its evolution obeys the Wigner-Liouville equation,5,6 which is traditionally presented by an operator of 
the potential energy, 
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One can rewrite Eq. (11) in an alternative form, however, symbolizing the collisions from Eq. (5), 
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Expressing now the potential U  by the corresponding Fourier integral (8) yields after some rearrange-
ments a classically looking alternative 
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As expected, all quantum effects are due to the force carriers’ momenta k  randomizing the momenta 
of the point particles.8 The normalized probability density kW  offers another interpretation as a ran-
dom phase approximation of momenta kicks of the force carriers on the point particles. The Bayesian 
product ( ) ( , , )kU k W p r t  represents the joint distribution of the interaction energy over the force car-
riers’ momenta in the point particles phase space. Again, when / 2p k  then kW W  and Eq. (13) 
reduces logically to the classical Liouville equation 
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The accuracy of this asymptote depends strongly on the interaction energy Fourier distribution U . The 
unexpected validity of Eq. (14) for harmonic oscillators is due to the fact that the force carriers are also 
harmonic vibrations. Hence, there is no mode-mode coupling due to linearity of the underlying dynam-
ics. As in the case of a free particle, the quantum effects of a harmonic oscillator originate solely from 
the initial distribution. For instance, the displacement of a harmonic oscillator with an own frequency 
0  reads 0 0 0 0 0cos( ) sin( ) /x x t p t m=  +    and, if the initial displacement and momentum are uncor-
related, the position dispersion is 2 2 2 2 2 2 20 0 0(0)cos ( ) (0)sin ( ) /x x pt t m =   +   . The initial momentum 
fluctuation (0) (0) / 2 / 2 (0)p k x =  =   can be expressed from the initial potential. The correspond-
ing position dispersion 2 2 2 2 2 2
0 0 0(0)cos ( ) ( / 2 ) sin ( ) / (0)x x xt m t =  +     reduces to the well-known 
expression 2
0/ 2x m =  , if one is looking for a stationary solution. The oscillator energy is injected by 
the initial potential during the initial positioning. In contrast to a free particle, 0 / 2  is universal due 
to stationarity of the harmonic oscillator. Because of the parametric resonance, the oscillator can ab-
sorb external photons with frequency 0  only and the possible oscillator energies are 0( 1/ 2)n +  . 
Hence, there is no way to emit the zero-point energy 0 / 2 . 
An extensive discussion goes in the literature about the Wigner function positivity.9-11 In gen-
eral, W  must possess negative values at some points due to the orthogonality of the stationary solu-
tions of the Schrödinger equation.12 For the hydrogen atom 0W   is positive in the ground state,13,14 
as well as for a harmonic oscillator. Our expectation is that the Wigner function must be always posi-
tively defined in the ground state, while in the excited states W  can be negative somewhere. The 
reason for this is that the excited states appear only at the presence of external photons. Hence, the 
latter will exercise additional momenta kicks on the electron, which are not included in Eq. (5) so far. 
As was demonstrated, the Schrödinger equation is generated by the exchange of force carriers be-
tween the interacting particles. Since there are few gauge bosons, Eq. (13) is appropriate only for sys-
tems with fundamental interactions and the total potential energy must be a superposition of Feyn-
man’s momenta propagators. If one employs artificial or even approximate potentials, they would cor-
respond to unphysical propagators of non-existing force carriers, which could result in inconsistent 
solutions of the Schrödinger equation. It seems that a negative value of the Wigner function is a smart 
indicator for problems with potentials and initial or boundary conditions. For example, the so-called 
cat state of a single particle possesses a bimodal Wigner function.11 Its positivity problem is due, how-
ever, to unphysical initial conditions, since it is impossible to fix at the beginning a single point particle 
at two different places at once. 
 
The Underlying Stochastic Dynamics 
It is interesting how the point particles are moving after all. Borrowing ideas from classical elec-
trodynamics, the Lagrangian of the entire system can be written in the form 
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where ( )R t  and ( )R t  are the 3N-dimensional vectors of the real trajectories and velocities of the point 
particles, respectively. Due to energy conservation the Lagrangian (15) does not depend explicitly on 
time. Apart from the scalar potential U , the 3N-dimensional vector potential A  accounts for the N 
force carriers. This is consistent with quantum field theory,7 where the vector potential is the wave 
function of virtual particles in the Klein-Gordon equation. Because the traditional magnetic forces are 
neglected in Eq. (7), due to their relativistic character, A  is independent of the point particles’ veloci-
ties R . Thus, the point particles momenta 
R
P L   consist of a differentiable part M R  and mo-
menta kicks A ,15 while the corresponding Euler-Lagrange equation reads 
 
R R RP L U A R=  = − +            (16) 
 
One can recognize the fluctuation force pumping momenta via kicks in the last term. Introducing the 
particles momenta P M R A=  +  in Eq. (16) yields the corresponding stochastic Newton equation 
 
R R RM R R A U A R +  + =            (17) 
 
which resembles the Brownian motion.15 In contrast to standard dissipation, however, the friction ten-
sor of the dissipative force A  is stochastic and RA  possesses zero mean value to avoid any entropy 
production. The stochasticity in Eq. (17) originates from the fluctuations of A , being a random function 
of the configuration R , i.e. the evolution of the point particles positions causes instant redistribution 
of the force carriers. The 3N-dimensional Lorentz force 
R RA R R A  −   does no work, since it is al-
ways orthogonal to the velocity R . Thus, the energy / 2E P R L R M R U  − =   +  remains constant, 
explicitly independent of A . To respect the Ehrenfest theorem, the mean value of the stochastic Lo-
rentz force must be zero. 
The phase space probability density ( ) ( )W r R p P=  −  −   is averaged over the stochastic 
realizations of the vector potential and it is positively defined everywhere. Differentiating W  on time 
and substituting the Euler-Lagrange equation (16) yields 
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In the derivation of this equation the term 1 ( ) ( ) 0r M r R p P A
−     −  − =  is set zero, because the 
force carriers’ waves are transverse in average. Expressing the potential parts in Eq. (18) by the corre-
sponding Fourier forms drives us closer to our goal, the Wigner-Liouville equation, 
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Following the hint from Eq. (13), the random potential fluctuations A R k R =    can be expressed by 
a global fluctuating parameter ( )R , being dimensionless and zero-centered. Substituting this expres-
sion in Eq. (19), the latter changes after simple rearrangements to 
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It is well known from electrodynamics that the gauge transformation tU U f→ −  and rA A f→ +  
does not affect the physical state.7 From lnf i=  , for instance, one can easily recognize the origin 
of the quantum mechanical operators of energy and momentum. The gauge theory explains how the 
force carriers transmit the potential interaction U  via the vector potential A . Appling the gauge trans-
formation in Eq. (20) to forward the random potential fluctuations results in an alternative equation 
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and, using the properties of the Dirac delta function, Eq. (21) can be further elaborated to 
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In the deterministic case ( 0 = ) Eq. (22) reduces to Eq. (14). Apparently, the symmetric fluctu-
ations of ( )R  around zero generate the stochasticity of quantum mechanics. To reproduce Eq. (13), 
one should identify the probability density ( ) ( )kW r R p P k=  −  − +   , if the  -fluctuations are 
uniformly distributed in range 1/ 2 . Perhaps, the global parameter   is related to the force carriers’ 
helicity, which is an important quantum property of photon beams.16,17 The present theory is a kind of 
stochastic electrodynamics (SED). The existing SED models describes, however, the fluctuations of the 
electromagnetic field in time, caused by the zero-point energy of vacuum.18,19 The latter result always 
in energy changes and that is way they are excluded in the present model. To compensate the energy 
fluctuations, the classical SED models consider the dissipative Abraham-Lorentz force additionally in 
the stochastic Newton equation. How we showed already,20 this results in a description of the quantum 
Brownian motion, not of quantum mechanics itself. Moreover, the Abraham-Lorentz force is relativ-
istic, while the speed of light c  appears now for the first time in the present papers, since in the frames 
of a non-relativistic mechanics it should be set infinite. The zero-point energy fluctuations in vacuum 
are not accounted in the Schrödinger equation (1) and they cause in addition the Lamb shift21 of the 
hydrogen orbitals. The size effects of the electron and proton are also neglected in Eq. (1) but they 
could result in momentum transfer via direct collisions of the point particles.22 
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